Introduction
Calix [4] arenes are macrocyclic compounds which are products of the cyclic oligomerization of phenol and formaldehyde. [1] Calix [4] arenes can form supramolecular "host-guest" complexes with metal ions or small organic molecules. The advantage of use of calix [4] arene platform in the structure of molecular receptors is their preorganization, which provides a favourable position of functional groups and facilitates the formation of complexes. [2] In particular, this principle is implemented in 1,3-disubstituted calix [4] arenes, in which the unsubstituted hydroxyl-groups fix the position of functional groups through hydrogen bonds. This type of ligands is called "molecular tweezers". [3] It is known [4, 5] that diamide derivatives of calix [4] arenes form stable complexes with lanthanide ions, alkali and transition metals due to the presence of a cavity formed by donor atoms of phenol, ether and amide groups. The combination of calix [4] arene macrocycle and substituents containing additional coordination centers (for example, imidazole) leads to obtaining of polyfunctional compounds. In complexes with these ligands the metal ion, depending on its nature, can coordinate with oxygen atoms of phenolic, carbonyl, ether groups, or form complexes with nitrogen-containing substituents. At the same time, the porphyrin-substituted calix [4] arenes, maintaining the marked features, represent the ligands with specific complexation and spectral-luminescent properties. These properties are due to the fact that they contain two chromophoric macrocycles, which absorb energy in the ultraviolet and visible spectral regions, as well as two types of coordination centers and are characterized by unique spatial structure. Thus, functionalized calix [4] arenes can be used as effective "building" blocks in the homo-and heteronuclear assembles. [6] The development of synthesis of mono-and heteronuclear lanthanide-containing complexes on the basis of 1,3-disubstituted p-tert-butylcalix [4] arenes modified with porphyrin and benzimidazole fragments (Figure 1) , analysis of the relationship between spectral-luminescent properties of these compounds and their structure were the purpose of this work. 
Experimental
Ytterbium(III), erbium(III) and lutetium(III) oxides (99.98% -99.99%), copper(II) and zinc(II) chlorides were purchased from Aldrich (Gillingham, Dorset) and used without further purification. Chlorides of lanthanides were prepared from corresponding oxides. The rest of chemicals were analytically pure in quality. Syntheses of compounds L 1 H 2 -L 5 H 2 were realized according to the known methods. [7, 8] All ligands and complexes were isolated in solid state and characterized by elemental analysis, IR-, UV-vis-, 1 H NMR-spectroscopy and mass-spectrometry. Mass spectra MALDI were recorded on Autoflex II spectrometer (Varian BV, Middelburg) using method of laser activated matrix desorption/ionization (MALDI), and laser desorption/ionization (LDI). Mass spectra FAB were registered on Varian MAT CH-112 spectrometer (Varian BV, Middelburg) using m-nitrobenzyl alcohol as the matrix. 1 H NMR spectra were recorded on Bruker Avance-300 (300 MHz) in CDCl 3 . UV-vis spectra were recorded on a Specord M40 UV/VIS (Carl Zeiss, Jena, Germany) spectrometer. Emission and excitation spectra were measured using Horiba Jobin Yvon Fluorolog 3-22 spectrofluorimeter equipped for measurements at both RT and 77 K (detectors Hamamatsu R928
Lanthanide Complexes with Functionalized Calix [4] arenes and DSS-IGA020L Electro-Optical Systems, Inc. for visible and NIR domain, respectively). The excitation source was a 450 W Xe arc lamp. The relative quantum yields of 4f-luminescence (φ) for the ytterbium complexes were calculated using Zn tetraphenylporphyrin as a standard, the quantum yield of which is 0.0315. [9] General procedure for the synthesis of mononuclear lanthanide-containing complexes on the basis of ligands LnL 1 
ClLnL 5
Cl: lanthanide chloride (0.11 mmol LnCl 3 ⋅6H 2 O) was refluxing with 0.5 ml triethyl orthoformiate in dry acetonitrile (10 ml) for 30 min. Subsequently, a solution of ligand (0.10 mmol in 5 ml acetonitrile) was added and reflux was continued for 3.5-4 h. Then, the reaction mixture was cooled to the room temperature, and diethyl ether was added (50 ml). The precipitate was filtered, washed with water, and dried at a temperature of 110-120ºC for 8-10 h. As an example, the data for the complexes LuL 
Results and Discussion
The presence of substituents of different types has an influence on almost all physico-chemical and spectral properties of the compounds. The experimental data (elemental analysis, mass spectrometry, 1 Cl the lanthanide coordination unit is formed by the replacement of the labile hydrogen atoms of phenolic groups and oxygen atoms of ether and carbonyl fragments, and an appropriate quantity of solvent molecules with the realization of the coordination numbers 7-9. The coordination units of complexes Ln 2 L 1 Cl 2 , as well as the starting lanthanide porphyrins, were formed by the interaction with the chloride anion (extra-ligand), four nitrogen atoms of the tetrapyrrole cycle and the corresponding amount of solvent molecules. Such shift, along with large constants of spin-spin interaction between protons of Ar-CH 2 -Ar (13.38-13.76), indicate the distortion of the "cone" conformation, which is connected with a change in dihedral angles between the tert-butylphenolic fragments. Thus, when the length of the alkyl radical increases the degree of distortion of the conformation of calix [4] arene increases also. The significant distortion of the conformation also occurs in the case of the bulky porphyrin substituents. The formation of complexes The absorption spectra of all compounds (Table 1 ) are characterized by the broad bands with maxima at 270-290 nm (37000-38500 cm -1 , lgε = 4.1-4.5), which correspond to the π → π* -transitions of the calix [4] arene macrocycle. The absorption spectrum of calix-diporphyrin L 1 H 2 contains the typical bands from the two macrocyclic fragments. The absorption band of calix [4] arene chromophore is observed in the UV region (λ max = 274 nm, lgε = 3.82); in contrast, the Soret band (λ max = 417 nm, lgε = 4.91) and four Q-bands of the porphyrin macrocycle are recorded in the visible region. The bands of porphyrin fragments exhibit blue shifts in comparison with the spectrum of the starting monoaminoporphyrin: Δλ Soret = 2 nm and 3-8 nm for Q-bands, that indicates the intramolecular interaction between two porphyrin fragments. [10] The absorption spectra of benzimidazole substituted ligands L 2 H 2 -L 5 H 2 display two narrow bands at 278-281 and 284-286 nm, and the increasing number of methylene groups does not affect the band positions and the molar extinction coefficients. Hence, the ratio of the intensities of the bands remains constant.
The absorption spectrum of the complex LnL 1 Cl in the region 250-300 nm is similar to that of the ligand, but is characterized by the additional band at λ max = 312-315 nm (lgε = 2.48), indicating (according [1] ) the participation of phenolic groups in the complex formation. The structure of bands of porphyrin fragments does not change practically in contrast to the binuclear complex (Δλ Soret = 6-8 nm) and reduction of the number of "visible" bands up to two is observed (these changes are characteristic for metalloporphyrins). The absorption spectra of complexes of the same ligands with different lanthanides (Yb, Er, Lu) are identical, indicating that the type of coordination mode of the lanthanide ion does not change in the series. The appearance of the bands at 312-320 nm (lgε = 3.75-3.85) in the absorption spectra of the complexes LnL 2 Cl-LnL 5 Cl, similar to the previous compounds, testifies to participation of OH groups of the ligands in the complex formation.
The fluorescence spectra of ligands and complexes also differ from each other. It should be noted that in the spectrum of L 1 H 2 the fluorescence from calix [4] arene moiety is not observed due to the intense absorption of porphyrin substituents in this region. The fluorescence with maxima at 650 and 717 nm and low-temperature (77 K) phosphorescence with a maximum at 846 nm are registered for this ligand.
These maxima are blue shifted (14.6 and 16 nm, respectively) in comparison with the starting monoaminoporphyrin. The broad band of fluorescence of benzimidazole derivatives is registered only at 77 K in the region 416-405 nm (the maximum shifts to shorter wavelengths with increasing number of methylene groups of alkyl radical). The positions of the phosphorescence maxima (λ max = 430-425 nm) are changed in a similar way, and can be observed only with the application of the time delay (50 ms) and the low temperature (77 K).
The molecular fluorescence and phosphorescence of lutetium complexes (Table 2) were recorded under similar conditions. The fluorescence of calix [4] arene component in the complex LuL ) levels in comparison with the ligands. It is known [11] that the efficiency of 4f-luminescence of lanthanide complexes depends on the location of the lowest triplet states of ligands. The data ( Table 1 ) clearly demonstrate that the luminescence, which realized by the mechanism of intramolecular energy transfer from the organic part of the complex to the resonance levels of ions Yb III ( 2 F 5/2 , 10300 cm -1 ) and Er III ( 4 I 13/2 , 6500 cm -1 ), is possible for all ligands, which triplet levels are above the excited energy levels of Ln III . The 4f-luminescence of Er III and Yb III is realized in the homo-and dinuclear complexes ( Table 3 ). The luminescence quantum yield of the complex YbL 1 Cl is less than 1.7 times compared with Yb 2 L 1 Cl 2 that can be the result of energy transfer from the excited levels of calix [4] arene macrocycle to porphyrin subunits. The coincidence of the excitation spectra of 4f-luminescence and the absorption spectra of the complexes YbL for copper and zinc compounds, respectively. [12] Thus, the 4f-luminescence intensity is changed little or is increased (complexes with zinc) if the excited level of the d-metal is located above the emitting level of lanthanides. Low-lying excited levels of copper are "acceptors" of 4f-luminescence of lanthanides, contributing to its effective role in process of quenching.
Conclusions
The mono-and heteronuclear lanthanide-containing complexes on the basis of 1,3-disubstituted p-tertbutylcalix [4] arenes modified with porphyrins and benzimidazole fragments were obtained. It was shown that in these complexes the 4f-luminescence of Er III and Yb III ions is realized. The heteronuclear Yb-Cu and Yb-Zn complexes on the basis of calix [4] arenes L 1 H 2 and L 3 H 2 were also sensitized. It was established that the relative positions of excited levels of d-and f-metal have a significant influence on the 4f-luminescent characteristics of heteronuclear complexes.
